Background: Liver trauma is the main cause of death arising from blunt abdominal injury. Nonoperative management (NOM) has been advocated to be a safe option for stable patients who have suffered liver trauma. This study used a population-based dataset to illustrate the incidence of liver trauma, its various causes and treatment, and outcomes. Methods: Information about all patients with any ICD-9-CM coded as liver injury was retrieved as part of a claims dataset for the years 2007 and 2008 from the database maintained in the Bureau of National Health Insurance in Taiwan. Thereafter, statistical analyses were conducted to discover the incidence, mortality rate, percentage of patients receiving NOM, and the association between variables such as age, gender, injury mechanisms, associated injuries, and outcome.
Introduction
Liver trauma is one of the main causes of death for blunt abdominal injuries, and surgical treatment was the established standard of care for liver trauma patients prior to 1990.
Nonoperative management (NOM) for hemodynamically stable patients with blunt liver trauma was initially advocated 2 decades ago. 1e3 Over the years, the progress of computed tomography (CT) has shortened the necessary examination time and improved the efficacy of diagnosis. Although complex liver injuries still require surgery, most blunt injuries may be managed nonoperatively. 4, 5 In the past 10 years, the application of diagnostic celiac angiography and therapeutic transcatheter arterial embolism (TAE) have been shown to result in improved outcomes. 6 Some authors suggested TAE could effectively control bleeding if the CT did not reveal a Grade 4 or Grade 5 liver injury, and the fluid demand was <2000 mL/h. 7 Otherwise, TAE could be used as adjuvant therapeutic procedure after surgery. 8, 9 Information about the current status and outcomes arising from the application of TAE deserves further study.
However, most prior studies were conducted in trauma centers. We do not know the incidence rate of these studies, which is likely to have been changed through the use of new diagnostic technology, or by the higher percentage of patients receiving NOM. Data such as distribution of residency, associated injuries, co-morbidity, risk factors of mortality, and healthcare resources consumed by admissions due to liver trauma have not yet been thoroughly studied.
Taiwan's legislature approved the National Health Insurance (NHI) Act in 1994, and the Bureau of National Health Insurance (BNHI) was subsequently established to administer the NHI system. The BNHI coverage rate was 99% in 2008 and its claim dataset provides a population-based databank similar to a census. Numerous studies have employed the use of this databank, and discovered substantial trauma-related epidemiological information. 10e14 As a means of gauging the effect of improvements in medical technologies and the change of therapeutic strategy, we conducted a populationbased study to investigate the characteristics of patients who have suffered from liver trauma by analyzing this NHI dataset with the aim of assessing the incidence rate of liver trauma, and ascertaining the relevant demographics, socio-economic factors, and the risk factors of mortality.
Methods
This population-based retrospective study used the secondary data retrieved from the BNHI database. This dataset was encrypted and only available in an anonymous format. We received approval from the Institutional Review Boards for the trauma research on this anonymous dataset, which consisted of the annual inpatient claim dataset of patients who were admitted and discharged from hospitals from January 1, 2007, to December 31, 2008. Every claim file was coded with at least one but no more than five discharge diagnostic numbers, as defined by the International Classification of Diseases, 9 th revision, Clinical Modification (ICD-9-CM). Annual inpatient claim files with any diagnostic ICD codes defined as liver trauma in either the 864 range (864.00e864.09: injury to liver, without mention of open wound into cavity, and 864.10e864.19: injury to liver, with mention of open wound into cavity), were included in this study. Patients were empirically stratified into nine age groups: 0e14 years, 15e24 years, 25e34 years, 35e44 years, 45e54 years, 55e64 years, 65e74 years, 75e84 years, and !85 years. Patient residency was classified into three categories: urban, suburban, and rural area. Patients were also grouped into three groups according to their monthly salary: earning <US$660, earning US$660e1320, and earning >US$1320.
Comorbidities and associated injuries were inferred from the ICD-9-CM codes declared in the same admission data file. Diabetes, hypertension, and other cardiovascular diseases, head injury, chest injury, and abdominal injury were grouped as variables. Concussion was not included in the head injury group because of its mild effect. Intra-abdominal organs, namely the liver, spleen, bowels, and other structures in the peritoneal and pelvic cavity, which were empirically presumed to be concurrently injured, were regarded as abdominal injuries. E-codes were classified into groups and represented several common injury mechanisms, such as motor vehicle accident, motorcycle-associated accident, bicycle rider and passenger accident, pedestrian hit by a car, and fall from a height.
Some abdominal operations, such as partial hepatectomy, lobectomy of the liver, repair of the liver, closure of laceration of the liver, and other repair of the liver (ICD-codes 50.22, 50.3, 50.6, 50.61, and 50.69), are typically viewed as common surgical intervention for liver trauma. Some other intraabdominal operations such as excision or destruction of lesion or tissue of spleen, and total splenectomy (ICD-codes 41.4 and 41.5), and incision and excision of the stomach (ICDcodes 43.00e43.99) were also mentioned. The patients with one of these codes were defined as the operative management group (OP group); other patients were defined as the NOM group.
The characteristics of treating hospitals, including ownership (private or public), size (center, regional, or local hospital), and urbanization of location (urban or rural) were also recorded and analyzed to determine the relationship between the characteristics and patient outcome. The influence caused by these characteristics on resource utilization (inpatient medical costs and length of stay, LOS) was also discussed.
Inpatient medical costs, LOS, and correlated information from OP and NOM groups were retrieved from the dataset for analysis, including the month of admission and other demographic data. Descriptive statistics about the age, gender, comorbidities such as liver cirrhosis (LC), uremia, hypertension, and cardiovascular disease were also analyzed. Twosample t tests were done to compare the difference between the OP and NOM groups, and binary logistic regression for risk was executed to understand the relationship between mortality and these factors. Statistical significance was set at p < 0.05.
Results
In 2007 and 2008, there were 3196 patient admissions that were coded as liver-trauma-related injuries, and 2072 were male (64.8%). The average patient age was 34.8 AE 17.5 years (range, 0e95 years old), and LOS was 10.9 AE 10.1 days (range, 0e88 days). The demographics of total patient, associated injuries, inpatient medical costs, and correlated information, including mortality rate, is shown in Table 1 , which includes the percentage of chronic diseases and those sustained with open wound into cavity. Patient numbers in each age group were listed as those nine groups mentioned above. Compared with the US 2000 census standard population, the standardized incidence is 13.3/100,000 population and mortality rate is 1.12/100,000 population. The highest incidence rate was found in the 15e24 years group (25.9/100,000 population), and highest mortality rate was in the 75e84 years group (2.1/100,000 population). The patients who resided in rural areas yielded a higher incidence per 100,000 population and in-hospital mortality rate than in urban area (15.9% and 8.6% vs. 12.2% and 8.2%, respectively; p < 0.01).
The mechanisms of injury were only recorded in 2430 cases (76.0%), and 420 cases were just recorded as traffic accidents, with no further details provided. Motorcycleassociated accident was the leading mechanism of injury, and responsible for 1102 victims (45.3%), whereas 275 were victims in motor-vehicle accidents (11.3%). There were 78 patients coded as injury that was purposely inflicted by other persons (2.4%).
There were 98 patients with open wounds into the peritoneal cavity (3.1%). Only 1169 patients (36.6%) had severity of liver trauma recorded (hematoma and contusion: n ¼ 803, 25.1%; minor laceration: n ¼ 82, 2.6%; moderate laceration: n ¼ 80, 2.5%; major laceration: n ¼ 204, 6.4%.) There were certain comorbidities, such as diabetes (n ¼ 76, 2.4%) and hypertension (n ¼ 66, 2.1%). There were 11 cases with ICDcode as renal failure (0.3%) and 57 cases designated as chronic liver disease or LC.
Associated injuries were classified as head injury (n ¼ 562, 17.6%), chest injury (n ¼ 1248, 39.0%), other abdominal injury (n ¼ 1241, 38.8%), neck or trunk fracture (n ¼ 911, 28.5%), and fracture of extremities (n ¼ 618, 19.3%). There were 798 patients (25.0%) who had no associated major injuries, and chest injury was the most common.
There also were 673 patients (16.7%) who underwent hepatic-related operations, including repair of liver laceration, partial hepatic segmentectomy or lobectomy, and other abdominal operations. However, 137 patients were recorded as in-hospital deaths (24.8%). Another 138 patients received laparotomy or some other operation (not including liverrelated procedures). This means that the NOM was executed in 2523 patients (78.9%) and eventually 97 patients died in this group (3.8%). There were 44 patients who received hepatic angiography or therapeutic TAE, and nine deaths were noted (20.5%).
Overall, 2305 patients (72.1%) were admitted into private hospitals and the mortality rate was 8.7%, and 891 patients (27.9%) were admitted into public hospitals and the mortality rate was 7.1% ( p ¼ 0.072). Most patients were sent to regional hospitals (1544 patients, 48.3% of total), and the mortality rate was 8.4%, the same as for the 1376 patients (43.1%) who were admitted to medical centers. The mortality rate of the 2230 There were 467 patients who had received repair of liver laceration, or hepatorrhaphy, and 122 patients received hepatic resection, including segmentectomy or lobectomy of the liver. Mortality in the resection group was higher than in the repair group (30.3% vs. 21.2%). Additionally, 15 patients received diagnostic peritoneal lavage, 145 patients had received splenectomy, and 26 patients had splenorraphy.
Some factors that are thought to be associated with possible surgical intervention tend to involve abdominal intervention. By using forward-conditional logistic regression and abdominal operation as dependent, the relationship between the factors and the tendency of receiving abdominal operation were determined (Table 3) . Open-type liver trauma, age > 65 years, higher severity, LC, and associated abdominal injury significantly increase the tendency to undergo operative management. Factors including the patients in 2008, male, age < 15 years, associated chest injury, and being treated in medical centers all increased the percentage of NOM. Patient socio-economic factors, residency, and other hospital characteristics had no significant effect on the percentage of cases who underwent operative management.
The relationship between mortality risk and all these factors were analyzed by using logistic regression, and the results are listed in Table 4 . After adjusting, several factors increased the risk of mortality significantly, such as age > 65 years, pedestrian hit by car, Class 4 liver injuries, renal failure, and LC. Associated head injury increased the mortality risk significantly when compared to those patients without head injury, as did associated chest injury. Concurrent intraabdominal injuries also increased the risk of mortality. However, associated fractures of the neck, trunk, or limbs did not significantly increase the mortality risk.
Operations associated with intervention for liver trauma or intra-abdominal injuries were found to have a significantly higher risk of mortality. Patient demographics and the characteristics of treating hospitals did not significantly affect the morality rate, except for patient income level. Patients with monthly incomes <US$660 and US$660e1320 were found to have a higher mortality risk (odds ratios, 2.209 and 1.725, respectively).
Discussion
Trauma is still the most serious threat to teenagers and young adults, even though efforts have been made in the past several decades to control the environmental factors that substantially contributed to accidental injuries, and the diagnostic tools and treating resources have been improved. This study represents a population-based analysis of liver trauma in a country where penetrating injury does not commonly occur. Although patients who died when out of hospital were not included, this epidemiological study is still one of the largest liver trauma series that has ever been undertaken in a multihospital environment. This series is dissimilar to many other previous studies, which were conducted in more violenceprone areas where penetrating mechanisms (gunshot or stabbing) dominated and accounted for 66e88% of all liver injuries. 4, 15, 16 The percentage of penetrating injury in this study is <5%, which is a similar incidence to many other countries where private ownership of firearms is illegal.
In the past 20 years, the diagnostic efficacy and speed of CT and the accessibility of CT in the modern medical environment has greatly improved in Taiwan. The majority of liver trauma patients in Taiwan received abdominal or whole body CT scan soon after hospital arrival. This change not only influences the algorithm of assessment but also the incidence, and our study has revealed the most recent incidence figures.
Prior to the 1990s, surgeons preferred to manage patients with liver trauma injuries operatively. 1, 17 However, the high accessibility of new CT technology has gradually changed the therapeutic algorithm for acutely injured patients with suspected liver trauma. Only a small percentage of patients received DPL because of increased utilization of sonography and CT, such that a majority of the DPL candidate cases were waived. One early patient survey revealed that the percentage of NOM was 10% in 1991e1993, and 48% in 1994e1996. 18 One study examined 591 inhospital patients between 2002 and 2009 with NOM of blunt liver injuries, and NOM failed in 6% of those patients. 19 Another study conducted from 2000 to 2010 revealed that 39.2% of 393 patients with severe blunt liver injury (Grade 4 or Grade 5) did not receive NOM. 20 This study also showed a higher NOM rate of 78.9% in the years 2007e2008.
Some authors have claimed that surgeons have been reluctant to undertake NOM for patients with blunt hepatic injury prior to the early 1990s 17 ; the question now is whether NOM is overused in the abdominally injured patients. In this study, mortality rates were higher in the OP than in the NOM group (24.8% vs. 3.84%). After adjusting all controllable factors, the OP is still a factor that significantly increased patient mortality. However, there could be bias such as those suffering more severe injuries will be prone to have their injuries addressed via a laparotomy procedure, and were thus included in the OP group.
Focusing on the age effect on the blunt splenic injuries, some authors found increasing failure rate of NOM in the older age groups. 21 Our result revealed a lower percentage of NOM in older patient groups, especially in those aged >75 years. LC is another factor that increased the possibility for patients to receive operative management. Those liver-injured patients with LC were more likely to be managed by surgical intervention and thus a higher mortality rate, with or without surgical intervention. Exploratory laparotomy can facilitate the diagnosis of LC and be one of the reasons for the higher rate of LC in the OP group.
The effect of treating hospital characteristics was also discussed, and the percentage of NOM is higher in medical centers and in the urban hospitals, probably due to resource availability.
Finally, the result by logistic regression showed that some factors significantly increased the mortality rate after proper adjusting, such as patient age, the dangerous mechanism of pedestrian hit by car, and more severe liver damage. However, some chronic diseases could increase the mortality rate violently, such as LC and renal failure. Some authors have studied this situation and concluded that LC is a risk factor that has been increasing the mortality rate for injured patients and for those who received abdominal emergency operations, 22, 23 and thus similar to our result. Due to the high incidence rate of uremia in Taiwan, our study also found that pre-existing renal function impairment would substantially increase mortality. Some associated injuries increased the mortality rate in the patient group with liver trauma, such as head or chest injury and other abdominal injury.
Some studies have discussed the effect of socioeconomic status and patient residency on disease incidence, outcome, or mortality.
24e29 Under the universal coverage of NHI in Taiwan, personal characteristics of the patients, including monthly income or residency, did not affect the percentage of NOM. Focusing on the outcome, characteristics, and location of hospitals, or patients' residency also did not affect the mortality rate. A higher mortality rate was only found in the patient group with lower monthly income. Ultimately, the reason for this may be due to some other factors we could not control, such as time to assess the medical institutes, higher energy mechanism of injury, and tobacco or alcohol consumption.
There are some limitations in this study. First, there is no information about the patients' condition and the time interval between the injury and arrival at the treating medical institutes. This study also did not contain the injury severity scoring except the liver injury severity referred from the ICD codes. Its efficacy is certainly not as good as the Injury Severity Score (ISS) system. There was also a high proportion of missing data in this dataset, especially about the mechanism of injury and comorbidities, which probably caused bias. Therefore, later explanation of those factors should be applied to avoid misinterpretation.
Another limitation is the limited size of the claim data. The number of ICD codes in each admission is from one to five. It is possible that some associated minor injuries and comorbidities were not recorded if the total numbers of ICD codes is more than five. This also weakened the analysis.
In conclusion, this study is a population-based study focusing on patients with liver trauma in a blunt-mechanism dominated country covered by a NHI. It disclosed the incidence and some other related information about liver trauma, like the percentage of NOM, the mortality rate, and the associated risk factors. We also examined the effect of characteristics of patients and hospitals. The highest incidence happened in the 15e24 years group, and highest mortality rate in the 75e84 years group. Along with progress of CT technology, there has been a paradigm shift in the management of most hemodynamically stable patients. NOM was given to 78.9% of patients, leading to a higher survival rate in general. The universal coverage of NHI ameliorated the disparities between the rural and urban area. However, patients with liver or renal failure or with lower monthly income are associated with higher mortality rate. This national survey is essential to understanding the nature and incidence of liver trauma in Taiwan and other modern societies. However, more detailed studies are needed.
